The authors report the case of a neonate presenting with signs of a congenital cardiac disease. Echocardiography showed a structural normal heart, right-to-left ductal flow, a dilated superior caval vein, and reversed diastolic flow in the proximal descending aorta. Brain magnetic resonance imaging showed a vein of Galen arteriovenous malformation. This highlights the importance of considering an intracranial cause in the differential diagnosis of neonatal congestive heart failure. Vein of Galen aneurysmal malformation (VGAM) is a rare cause of congestive heart failure in the neonatal period and carries a high mortality rate. It is a difficult diagnosis because the clinical picture often presents with symptoms suggesting that the patient has a congenital cardiac malformation.
Vein of Galen aneurysmal malformation (VGAM) is a rare cause of congestive heart failure in the neonatal period and carries a high mortality rate. It is a difficult diagnosis because the clinical picture often presents with symptoms suggesting that the patient has a congenital cardiac malformation. 1, 2 Patients are subjected to high-risk procedures such as cardiac catheterization to establish a diagnosis. These investigations often have negative findings and can delay correct diagnosis.
Case Study
A term boy was born by cesarean section for fetal distress after an uncomplicated pregnancy. Apgar scores were 6 and 6 at 1 and 5 minutes, respectively. At 30 minutes after birth, he became cyanotic and needed extra oxygen. Physical examination revealed a cardiac murmur. A diagnosis of congenital heart disease was suspected, and treatment with prostaglandin E1 was initiated. The neonate was intubated and ventilated, and he was transferred to our neonatal intensive care unit. On admission, he had tachypnea and cyanosis, and his oxygen saturation was 94% with a fraction of inspired oxygen of 70%. Physical examination showed a loud systolic cardiac murmur and prominent venous neck pulsations, decreased peripheral pulsations, and hepatomegaly. Neurological examination showed an agitated neonate with a head circumference of 37 cm (90th percentile), a fontanel in level, a cephalohematoma, and a generalized hypertonia. Auscultation of the fontanel was not performed. An aortic coarctation was suspected, prostaglandin E1 was continued, and circulatory support with dobutamine was started.
Chest X-ray showed an enlarged heart. Echocardiography showed a structurally normal heart with a dilated right ventricle with suprasystemic pulmonary arterial pressures based on Doppler velocity measurements of a moderate tricuspid valvular insufficiency. There was a normal aortic arch without apparent coarctation. An open ductus arteriosus was present with systolic right-to-left ductal flow. Within the proximal descending aorta, there was substantial diastolic retrograde flow into the carotid arteries. Finally, a dilated superior caval vein was observed (Figure 1 ). Based upon these findings, a low resistance cerebral arteriovenous malformation was suspected because of the diastolic steal phenomenon observed in the descending aorta.
Magnetic resonance imaging showed a vein of Galen aneurysmal malformation, with a maximal diameter of 2.3 cm and ischemic lesions in the left hemisphere and a hydrocephalus ( Figure 2 ). Recurrent seizures were treated with antiepileptic drugs. On day 5 after birth, the electroencephalography showed low voltage with epileptic activity and nearly absent cerebral activity. The option of endovascular treatment, which is the preferred method of treatment in vein of Galen aneurysmal malformation, was discussed. After having discussed the case in the medical team, the authors refrained from endovascular treatment and further intensive care unit treatment because the neurologic prognosis was considered infaust based on the clinical condition and the findings on electroencephalography and magnetic resonance imaging. His parents supported our decision. He died shortly thereafter.
Discussion
The authors report a case that illustrates the dramatic outcome of a neonate presenting with heart failure and finally being diagnosed with a vein of Galen aneurysmal malformation. The vein of Galen aneurysmal malformation in our patient was of the choroidal type, which can be classified as type I by the classification criteria of Lasjaunias et al. This type is the most severe form of the disease, causing high-output cardiac failure in the newborn. 3, 4 Furthermore, the symptoms of our patient started at age of less than 5 months, which is also known to be a poor prognostic factor. 5 The unfavorable combination of a Lasjaunias type 1 vein of Galen aneurysmal malformation with severe heart failure and presentation of symptoms at age less than 5 year explains why the clinical course of this patient quickly deteriorated and lead to his death. 5 In the fetus, high-output cardiac failure may not occur because the low vascular resistance in the cerebral arteriovenous malformations is balanced by the low resistance of the uteroplacental unit. The exclusion of the low resistance placental circulation and the increase in systemic vascular resistance after birth favor flow through the cerebral arteriovenous fistulas, leading to decreased systemic circulation and high output cardiac heart failure. 6 The size of the fistulas determine the amount of arteriovenous shunting and consequently the time course to the development of cardiac failure.
1 Heart failure develops because of volume overload in the right side of the heart. Due to a low vascular resistance in the head, the majority of left ventricular output is directed toward the head. These 2 mechanisms lead to reduced systemic blood flow, severe lactic acidosis, potentially ischemic multiple organ failure, and persistent pulmonary hypertension of the newborn. 7 During diastole, the systemic perfusion is further reduced by circulatory ''steal'' to the vein of Galen aneurysmal malformation, which produces the characteristic reversed diastolic flow in the descending aorta. Coronary blood flow is reduced by this diastolic steal phenomenon and combined with increased ventricular pressures can lead to reduced myocardial perfusion or even ischemia, further compromising cardiac function. 6 Our patient also presented with a hydrocephalus as a result of systemic venous hypertension in the presence of an arteriovenous shunt causing cerebrospinal fluid malabsorption. This cerebrospinal fluid malabsorption is further aggravated by pulmonary hypertension. 5 Usually, signs of severe heart failure develop shortly after birth. The clinical picture is dominated by findings suggestive of a congenital cardiac disease such as cyanosis, compromised peripheral pulses, and a cardiac murmur. Often cyanosis is present suggestive of persistent pulmonary hypertension of the newborn with signs of right-to-left arterial shunting at the ductal level. 8 A continuous murmur can be heard over the scalp, but this is not routinely checked as our case illustrates.
Chest X-ray imaging may show an enlarged cardiac silhouette with right chamber preponderance, superior mediastinal widening, retrosternal fullness with posterior displacement of the upper trachea, and retropharyngeal soft tissue thickening. The electrocardiography may show ST-T abnormalities. Echocardiography often shows a structural normal heart and great vessels but a dilated and noncompliant right ventricle with signs of suprasystemic pulmonary arterial pressure and right-to-left ductal shunting. The left ventricle on the contrary is often hyperdynamic and not enlarged. Finally, an enlarged aortic arch and superior systemic veins, especially the superior caval vein, can be observed. 8 Computer tomography and magnetic resonance imaging give a clear demonstration of the intracranial arteriovenous malformation. Cerebral angiography will eventually provide an accurate anatomical definition of all the vessels feeding the fistula. This is essential if treatment is contemplated.
The treatment of vein of Galen aneurysmal malformation involves initial cardiovascular stabilization directed toward improvement in the noncerebral systemic cardiac output. This is achieved by reducing systemic and pulmonary vascular resistance and improving the systemic output and myocardial function of the heart. In most situations, a vasodilator agent, either alone or in combination with low to moderate dose inotropic agents, is needed. Milrinone and inhaled nitric oxide have been found suitable for use in vein of Galen aneurysmal malformation. 1, 6, 9 Some patients can benefit from treatment with prostaglandin E1. In this way, right-to-left ductal shunt facilitating an adequate systemic circulation is also maintained. 10 However, in about half of patients, cardiovascular stabilization is not achieved. 2 In the modern treatment of vein of Galen aneurysmal malformation, surgery has little role. 11 Embolization by endovascular treatment is the preferred treatment modality, preferably after the age of 5 to 6 months. A good outcome is to be expected when treatment is performed before significant brain injury has occurred in patients who have been selected carefully. 4, 12 A recent systematic meta-analysis of 667 patients revealed that 68% of the patients, including neonates 44%, infants 41%, children and adults 12%, had a good outcome after endovascular embolization. 13 A good outcome was defined as neurologically normal and mild developmental delays. Postembolization mortality was 10% for the total group. Complications such as cerebral hemorrhage, cerebral ischemia, hydrocephalus, leg ischemia, or vessel perforation were seen in 37%. 13 Similar results were found in a review by Khullar et al, 14 which reported 84% good to fair outcome and a 15% mortality rate among 337 patients undergoing endovascular treatment during the time period of 2001 and 2010. A good outcome was defined as neurologically normal or mild developmental delays, and a fair outcome was defined as moderate or severe developmental delays. Neonates showed the worst mortality rate of 36% following endovascular treatment. However, untreated patients with vein of Galen malformation revealed a mortality rate of 77% underlying the great importance of embolization as preferred treatment modality. 14 In conclusion, vein of Galen aneurysmal malformation presents with signs of congestive heart failure. Vein of Galen aneurysmal malformation is a rare disorder and is often diagnosed late. Considering vein of Galen aneurysmal malformation in the differential diagnosis of neonatal congestive heart failure is important in minimizing diagnostic delay. Initial treatment is targeted at improving noncerebral systemic circulation and reduction in pulmonary vascular resistance. When circulatory stabilization can be achieved, endovascular treatment of the arteriovenous malformation is the preferred method of intervention. However, despite optimal management, the disorder still carries a high mortality risk.
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